T he diagnosis and consequent appropriate treatment of soft-tissue tumors may pose a challenge. A broad range of morphological subtypes and grades of malignancy exist, and these require individualized clinical approaches that have various prognostic and therapeutic consequences 1 . An effective standardized approach for obtaining the specific diagnosis is therefore needed 2, 3 . A crucial step in the diagnosis is obtaining an appropriate tissue sample for a detailed histological evaluation on which careful planning of therapy by a multidisciplinary team of specialists can be based.
Determination of the exact histopathological characterization of the tumor diagnosis and grade is essential and provides the basis for multimodal treatment [4] [5] [6] . A high-quality tissue sample of adequate size is needed for accurate histological examination 7, 8 . Schnurr et al. showed that some patients with soft-tissue sarcoma still experience a considerable delay in initiating therapy, resulting in a negative impact on survival 9 .
The most common reasons for this delay are diagnostic failure, especially due to inadequate tissue samples, and an unplanned excision that complicates further treatment [10] [11] [12] [13] . Incisional biopsy of soft-tissue tumors has been shown to be the most effective technique for defining the tumor diagnosis and grade 14, 15 . However, the surgical procedure typically requires an operating room and general anesthesia.
Needle biopsy techniques, including fine needle aspiration biopsy and core needle biopsy, have gained increasing popularity as alternatives to incisional biopsy because of their simplicity, cost effectiveness, and low complication rate [16] [17] [18] . One problem of both techniques, however, is that the small size of the sample obtained may limit the accuracy of the histopathological assessment, especially in borderline cases [19] [20] [21] . Vacuum-assisted biopsy as a minimally invasive tool was described in 1997 and was first applied for clarifying the nature of microcalcifications in breast lesions 22 . Since then, vacuum-assisted biopsy has become established as a routine diagnostic procedure for the biopsy of breast lesions 23 and provides a sensitivity of 98% to 100% 24, 25 . The present retrospective study was designed to evaluate the accuracy and practicality of vacuum-assisted biopsy for characterization of soft-tissue tumors and to compare this method with that of conventional incisional biopsy. . This comparison group contained fifty-five male and fifty-five female patients with a mean age of fifty-five years (range, eleven to eighty-one years). Open biopsy was the standard biopsy technique used in the hospital during the study period; needle biopsy was not used.
Materials and Methods

Patients and Study Design
Forty-one of the patients who underwent vacuum biopsy and thirtysix of the patients who underwent incisional biopsy were excluded from the comparative analysis because they received chemotherapy or radiation therapy before tumor excision or because they received only palliative treatment without resection. The remaining seventy-five patients in the vacuum-assisted biopsy group and seventy-four patients in the incisional biopsy group underwent primary tumor resection after biopsy and formed the two study cohorts.
Forty-nine (65%) of the seventy-five patients in the vacuum-assisted biopsy group were treated with early wide resection after biopsy, sixteen (21%) were treated with compartmental resection, and ten (13%) were treated with another type of resection such as palliative marginal resection. Forty-six (62%) of the seventy-four patients in the incisional biopsy group were treated with wide resection, thirteen (18%) were treated with compartmental resection, and fifteen (20%) were treated with another type of resection.
Technique of Vacuum-Assisted Biopsy
Vacuum-assisted biopsy was performed with use of a Mammotome system (Mammotome HH [Hand Held] Biopsy System, Ethicon Endo-Surgery, Norderstedt, Germany) and an 8-gauge needle (Figs. 1-A through 1-D) . The needle included a lateral orifice and could be rotated to allow the collection of multiple samples through a single skin incision (Figs. 1-B and 1-C) . The needle was introduced with a closed biopsy chamber. After puncture of the tumor, the tissue sample was aspirated into the biopsy chamber. The biopsy chamber was closed again, and the specimen was retrieved through the needle 
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by applying a vacuum. Use of an 8-gauge needle resulted in the collection of a 23 · 4-mm tissue cylinder. Ultrasonographic guidance was utilized ( Fig.  1-C) . The biopsy site and direction were chosen with respect to the future resection approach to enable en bloc resection (with tumor-free margins) that included the biopsy site. Evaluation of the positioning of the biopsy site also took into account several alternative resection plans. The operative approach was influenced predominantly by the differential diagnosis made after imaging-based tumor staging, which included determination of the extent of the primary tumor 23 . Positioning of the patient depended on the biopsy site. Local anesthesia was typically administered prior to biopsy. A 0.25-inch (6.4-mm) skin incision was made and the needle was inserted with ultrasonographic guidance to obtain several biopsy specimens as the probe was rotated, since multiple specimens could be collected without removing the device. After the probe was removed, the incision site was closed with a single stitch and covered with a sterile wound dressing. The biopsies were performed in an ultrasonography chamber provided by the surgical outpatient clinic.
Technique of Incisional Biopsy
Incisional biopsy was performed under sterile conditions with the patient under general anesthesia, in accordance with the practice at our institution at the time of the study. The surgical approach was selected with regard to the tumor extent on images and on future resection margins, which were to include the biopsy incision site. The tumor was approached in the most direct manner unless the planned approach crossed overlying tumor-free compartments. Tissue samples were obtained from the visible tumor region without use of image guidance. The preferred tissue sample volume was at least 1 to 2 cm 3 .
Statistical Analysis
All patient data, including epidemiological, surgical, and pathological data, were analyzed with use of SPSS software [version 11.5.1; SPSS, Chicago, Illinois]). The sensitivity, specificity, positive and negative predictive values, and accuracy of the preliminary characterization made with use of each method were calculated on the basis of the final characterization made after radical tumor excision, which was considered to represent the ''gold standard.'' Characterization of the tumor as benign or malignant was performed on the basis of the histopathological differentiation described in the World Health Organization Classification of Tumours 26 . The tumor was further characterized in terms of diagnosis and grade, with a grade of G1 indicating a welldifferentiated (low-grade) tumor, G2 indicating a moderately differentiated (intermediate-grade) tumor, and G3 indicating a poorly differentiated (highgrade) tumor. The detailed histopathological characterization of the tumors in the two groups is listed in Table I . The Fisher exact test was used to analyze the association between the preliminary and the final histopathological characterization in terms of benign or malignant nature, diagnosis, and grade. The null hypothesis was that the preliminary and final diagnosis were stochastically independent (i.e., the biopsy method did not influence the match of the preliminary and the final histopathological diagnoses). A p value of £0.05 was considered significant.
Source of Funding
There was no external funding source for this investigation.
Results
T
he vacuum-assisted biopsy procedure was successfully performed in seventy-four of the seventy-five patients (success rate, 99%); the procedure in the remaining patient was abandoned because of technical problems with the needle. The incisional biopsy procedure was successful in all seventy-four patients (success rate, 100%). The mean duration of the vacuumassisted biopsy procedure was eight minutes (range, five to twenty minutes) compared with thirty minutes (range, seventeen to fifty-two minutes) for incisional biopsy. Sixty-two (83%) of the seventy-five patients who underwent vacuum-assisted biopsy were treated in an outpatient setting. All seventy-four (100%) of the patients who underwent incisional biopsy were treated in an operating room after hospital admission. The mean length of the incision was 4 cm (range, 3 to 5 cm) for incisional biopsy compared with 0.64 cm (0.25 inch) for vacuum-assisted biopsy.
The preliminary characterization of the tumor as benign or malignant on the basis of the histopathology of the vacuumassisted biopsy specimen was concordant with the final characterization made after excision in seventy-two (96%; 95% confidence interval [CI], 92% to 100%) of the seventy-five patients. The tumor diagnosis was concordant in seventy-one patients (95%; 95% CI, 90% to 100%), and the tumor grade was concordant in sixty-seven patients (89%; 95% CI, 82% to 96%) (Table II) .
In comparison, the preliminary characterization of the tumor as benign or malignant was concordant with the final characterization in seventy-three (99%; 95% CI, 96% to 100%) of the seventy-four patients who underwent incisional biopsy. The tumor diagnosis was concordant in seventy patients (95%; 95% CI, 89% to 100%), and the tumor grade was concordant in sixty-five patients (88%; 95% CI, 80% to 95%) ( Table II) .
The concordance of the preliminary characterization of the tumor nature (benign or malignant), diagnosis, or grade with the final characterization did not differ significantly between vacuum-assisted and incisional biopsy (p > 0.05 for all, Fisher exact test) (Table II) . *MPNST = malignant peripheral nerve sheath tumor, and NOS = not otherwise specified.
Forty-three of the tumors in the vacuum-assisted biopsy group were initially diagnosed as malignant and thirty-two were diagnosed as benign neoplasia. Histopathological analysis of the tumor after resection established that a false negative diagnosis (nonmalignancy) had initially been made in three patients; in each case, a diagnosis of lipoma made on the basis of the biopsy specimen was converted to a diagnosis of liposarcoma, grade G1. Thus, the final diagnosis was a malignant tumor in forty-six patients and a benign tumor in twenty-nine patients (Tables I,  III , and IV). Fifty-eight of the tumors in the incisional biopsy group were initially classified as malignant and sixteen as benign. One tumor that had initially been diagnosed as benign (myxoma) was reclassified as malignant (myxofibrosarcoma) after analysis of the resected tumor, resulting in a final characterization of fifty-nine tumors as malignant and fifteen as benign (Tables I, III, and IV) .
The sensitivity (the number of true positives divided by the number of true positives and false negatives) was therefore 93% (95% CI, 71% to 100%) for vacuum-assisted biopsy compared with 98% (95% CI, 95% to 100%) for incisional biopsy. The specificity (the number of true negatives divided by the number of true negatives and false positives) was 100% in both groups, as was the positive predictive value (the proportion of patients with positive test results for whom the characterization was correct, equal to the number of true positives divided by the number of true positives and false positives) ( Table V) . The negative predictive value (the proportion of patients with negative test results for whom the characterization was correct, equal to the number of true negatives divided by the number of true negatives and false negatives) was 91% (95% CI, 85% to 98%) for vacuumassisted biopsy compared with 94% (95% CI, 93% to 96%) for incisional biopsy (Table V) . The accuracy (the number of true positives and true negatives divided by the total number) was 96% (95% CI, 92% to 100%) for vacuum-assisted biopsy compared with 99% (95% CI, 96% to 100%) for incisional biopsy (Tables I, III, and IV) .
Major and minor postoperative medical and surgical complications were analyzed with use of the criteria of Younan et al. 27 . Surgical morbidity was also investigated in more detail with use of the classification of Bozzetti 27 (in which grade I indicates no complications; II indicates a minor complication such as a self-limiting complication, wound infection, urinary tract infection, pancreatitis, ileus, or thrombosis; III indicates a major complication requiring surgical intervention and/or a stay in the intensive care unit; and IV indicates death). No patient in either group experienced a major complication or died because of the procedure. One patient in the vacuumassisted biopsy group developed a minor complication consisting of a postoperative wound infection at the biopsy site that was controlled by local treatment without the need for *Values are given as the number of tumors for which the characterization of the biopsy sample matched that of the excised tumor, with the percentage followed by the associated 95% confidence interval in parentheses. †Fisher exact test. operative intervention. One patient in the incisional biopsy group also developed a postoperative wound infection that was successfully controlled, and another patient developed reduced sensation at the biopsy site. The minor complication rate was therefore 1.3% (one of seventy-five patients) for vacuumassisted biopsy compared with 2.7% (two of seventy-four patients) for incisional biopsy.
Discussion D iagnosis of soft-tissue sarcoma with use of biopsy samples remains the essential step before multimodal treatment involving chemotherapy and/or radiation therapy and surgical resection can be initiated 28 . In addition to incisional biopsy, core needle biopsy has broad clinical acceptance as a biopsy method that is also accurate and has low morbidity. Specialized centers have reported achieving a diagnostic accuracy of approximately 85% to 95% with use of core needle biopsy [29] [30] [31] . Skrzynski et al. compared the diagnostic accuracy and the cost of closed core needle biopsy performed in an outpatient setting with those of open incisional biopsy performed in an operating room. The diagnostic accuracy of core needle biopsy (84%) was lower than that of incisional biopsy (96%), probably because of the limited sample size 30 . However, the hospital charge for core needle biopsy ($1106) was significantly lower than that for incisional biopsy ($7234), and core needle biopsy did not require general anesthesia. The use of computed tomography (CT) or ultrasonography for guidance during core needle biopsy can increase the yield of vital tumor tissue because necrotic or cystic areas of the tumor can be avoided 29 .
The present study was performed to evaluate the practicality and accuracy of large-volume vacuum-assisted biopsy of soft-tissue tumors. Vacuum-assisted biopsy of soft-tissue tumors of unknown nature (benign or malignant) yielded good results, with high sensitivity and high specificity that were comparable with the results for the incisional biopsy group. The high sensitivity for open incisional biopsy was similar to that reported at other tumor centers (98%) 32, 33 . One problem involving use of vacuum-assisted biopsy in our study was the false negative diagnosis of superficial low-grade liposarcoma. However, terminology has evolved since the beginning of this retrospective study, with the term ''atypical lipomatous tumor'' now being commonly used for a superficial fatty tumor that might previously have been called ''liposarcoma.'' This demonstrates the difficulty involved in the correct histopathological assessment of fatty tumors and suggests that the problem of a false negative diagnosis of such tumors is not related solely to the biopsy technique.
The overall complication rate after vacuum-assisted biopsy was lower than that after open biopsy (1.3% compared with 2.7%), and no major complications were identified in either group. These results were comparable with the minor complication rate of 1% that has previously been reported after both incisional and needle biopsy [34] [35] [36] . The complication rate has also been reported to depend on the surgeon's experience. Mankin et al. investigated the complication rate following biopsy in a study by the Musculoskeletal Tumor Society involving 597 patients with musculoskeletal tumors. Biopsy of the skin, bone, and soft-tissue tumors resulted in a total complication rate of 15.9%, but the complication rate at referring centers (29.1%) was significantly greater than that at the treatment centers (4.1%) 34 . These complications were shown to have an influence on treatment decisions, adversely affecting the prognosis and leading to unnecessary amputation of extremities. The present study confirmed the results of a previous trial 37 and suggested that biopsy of a possible sarcoma prior to initiation of treatment is better performed by a musculoskeletal tumor surgeon or an orthopaedic oncologist.
Vacuum-assisted biopsy combines the advantages of a minimally invasive procedure with reduced morbidity. Like other needle biopsies, it can be performed as an outpatient procedure in an ultrasonography room with use of local anesthesia. In contrast to conventional needle biopsy, multiple samples can be obtained with a single insertion of the needle into the tissue. Nevertheless, the vacuum-assisted biopsy technique involves the acquisition of additional equipment (e.g., a vacuum biopsy unit and an ultrasonographic imaging device) with an additional learning curve. The cost of a singleuse vacuum needle is approximately $100, which makes vacuumassisted biopsy more expensive than fine needle aspiration biopsy or core needle biopsy. The price of a vacuum biopsy unit is approximately $35,000. Although ultrasonographic guidance is not absolutely necessary in a certain number of patients with True negatives = 29 Negative predictive value = 91% (85% to 98%)* Sensitivity = 93% (71% to 100%)* Specificity = 100%
Incisional biopsy group (n = 74) True positives = 58 False positives = 0 Positive predictive value = 100% False negatives = 1
True negatives = 15 Negative predictive value = 94% (93% to 96%)* Sensitivity = 98% (95% to 100%)* Specificity = 100%
*The values are given as the percentage with the 95% confidence interval in parentheses.
large superficial tumors, such guidance during closed vacuumassisted biopsy can otherwise assist in avoiding injury to major vessels and can improve the localization of biopsies of small tumors. However, ultrasonography equipment can be shared with other departments (e.g., for the performance of breast lesion biopsies).
Although the results of the present study were promising, a selection bias cannot be completely excluded because the study design involved nonrandomized cohorts. However, selection bias was minimized by the homogeneity of the cohorts and by contemporaneous performance of both biopsy procedures by the same surgeons and histopathological review by the same pathologists at the same institution.
The results of the present study of vacuum-assisted biopsy of soft-tissue tumors of unknown type were encouraging, but a prospective study is necessary for further evaluation of the impact of vacuum-assisted biopsy in the multimodal management of patients with potentially malignant soft-tissue tumors. n
